In Korea, lung cancer is a common cancer, and has the highest mortality rate in both males and females. Approximately 80% of lung cancer is due to smoking, and the remaining cases are known to be due to genetic factors, history of respiratory disease, infection, diet, and occupational and environmental factors. Since the occupational and environmental hazards may differ from region to region, the lung cancer risk may differ too. To identify this, we selected seven metropolitan cities, and compared occupational and environmental hazards. Furthermore, we calculated smoking rate adjusted standardized rate ratio (ratio of 10-year cumulative age-standardized incidence rate of lung cancer during the 2000-2009 period at target region versus reference region) to compare the regional lung cancer risk. The result showed that the emissions and concentrations of air pollutant were higher in high-risk regions, and the risk of lung cancer was significantly elevated in such area. In this study, we simultaneously consider the cumulative incidence, age-standardization and smoking rate adjustment. Therefore, we can conclude that the validity of the finding of this study is higher than that of past studies. In conclusion, the occupational and environmental hazards have an effect on lung cancer.
Introduction
In Korea, the Ministry of Health and Welfare started a cancer registry in 1980; they publish annual reports of cancer statistics, including the country's cancer incidence data and the status of cancer occurrence throughout Korea. According to the annual report of 2015, lung cancer is the second most common malignant neoplasm in males, and the fifth most common in females [1] . It has the highest age-standardized mortality rate among malignant neoplasms in Korea [2] . The most common cause of lung cancer is smoking [3] . Studies based on international statistics suggest that approximately 80% of lung cancer is due to smoking [3, 4] , and in Korea alone, approximately 70% of lung cancers in adult males are due to smoking [5] . However, the remaining cases of lung cancer occur in non-smokers, and the likely causes are genetic factors, history of respiratory disease, infection, diet, obesity, occupational exposure to carcinogens, and air pollution [6] . Among these causes, occupational exposure to carcinogens and air pollution may differ by region, depending on the hazards of the region and occupational history. International studies have also reported differences in the incidence of lung cancer and mortality in different regions [7, 8] .
Occupational causes of lung cancer, as have been shown to be supported by sufficient evidence by the International Agency for Research on Cancer (IARC), include aluminum production, asbestos, non-ferrous industrial metals (arsenic, beryllium, cadmium, chromium (VI), and nickel), painting tasks, iron and steel founding, and radiation exposure [9] . Environmental causes include air pollution and atmospheric particulate matter (PM), which is associated with emissions from road traffic and industrial activities [9] . Therefore, workers who are exposed to these causes are at a higher risk of lung cancer. In addition, high levels of these emissions put those living near industrial complexes at higher risk for lung cancer compared to other areas [10, 11] . Studies show that the concentrations of heavy metals in the blood of residents near industrial complexes are high [12, 13] , and therefore the concentration of other harmful substances is also likely to be high. Furthermore, additional unidentified causes of lung cancer may also affect nearby residents.
To confirm this, we first selected seven metropolitan cities in Korea in which a National Industrial Complex (NIC) is located, and examined the major industries in each region [14, 15] (Table 1 ). The NICs refer to the industrial complexes designated by the government to promote key industries in Korea. In addition, data on the 5-year cumulative age-standardized incidence rate (ASR) of lung cancer (during the 1999-2003 period, 2004-2008 period, and 2009-2013 period) provided by the Korea National Statistical Office (KNSO) [2] was reviewed to compare the incidence rates of lung cancer among metropolitan cities (Table 2) . During the period, the ASR of lung cancer in males was the highest in Ulsan. Onsan NICs (major petrochemical industries, non-ferrous metal industries, and iron and steel founding industries) and Ulsan/Mipo NICs (shipbuilding and automobile manufacturing) are all located in Ulsan.
As such, Ulsan has more industrial complexes than other cities, and these industrial complexes have a high proportion of painting, non-ferrous metal, iron and steel founding-related work. This type of work, according to the IARC, is associated with the development of lung cancer. Moreover, since petrochemical plants process and produce a variety of chemicals, air pollutant levels may be elevated; therefore, workers are exposed to these substances, putting them at risk for lung cancer. Therefore, it is possible that the higher incidence of lung cancer in Ulsan is associated with occupational and environmental causes.
However, the data provided by the KNSO does not consider smoking rates. Also, by only using the NIC data, we cannot confirm the association between lung cancer and occupational/ environmental causes. In this study, we will compare the incidence of lung cancer in seven metropolitan cities of Korea based on data of the cancer registry of 2000-2009, taking into consideration smoking rate and the air pollution index in the target area. 
Materials and Methods

Study Population
The Korea Ministry of Health and Welfare started a nationwide cancer registry, the Korea Central Cancer Registry (KCCR), in 1980. Currently more than 190 hospitals participate in the KCCR, and the database covers more than 90% of the new cancer cases in Korea. The KCCR has constructed the Korea National Cancer Incidence Database (KNCIDB), which is well organized; it is easy to access patient information using the resident registration number (RRN) [16] . In Korea, the RRN consists of a 13-digit number given at birth and includes data on birth date (the first six digits), sex (the seventh digit), and birthplace, and it varies from person to person. The RRN can be used to identify a person throughout their life in many fields such as financial transactions and employment in Korea.
In order to examine the association between occupational/environmental hazards and lung cancer, we selected subjects from the KNCIDB who were classified as C33 (those with a malignant neoplasm of the trachea) and C34 (those with a malignant neoplasm of the bronchus and lung) according to the criteria of the International Classification of Disease-10 (ICD-10), from the country's entire population and seven metropolitan cities from 1 January 2000 to 31 
Air Pollution Exposure Assessment
Since 2001, companies in Korea have been obliged to report pollutant release and transfer register (PRTR) [17] information to the National Institute of Chemical Safety (NICS). In addition, Korea has installed a total of 504 air monitoring networks and atmospheric heavy metal monitoring networks in 93 cities, and air pollution levels are measured. These measurements are then reported to the National Institute of Environmental Research (NIER) [18] .
The PRTR data includes information on the total amount of carcinogen emissions (human carcinogens, IARC group 1; probable human carcinogens, IARC group 2A; possible human carcinogens, IARC group 2B) associated with lung cancer. Although the PRTR data do not indicate the concentration of substances, they can be used as a reference for estimating air pollution indirectly because they provide information on the total annual carcinogen emissions by region. The PRTR data have been analyzed based on the data reported during the 2001-2009 period. We used this data to examine the total amount of carcinogen emissions and IARC group 1 substances (asbestos, arsenic, chromium (VI), and nickel), known as causative agents of lung cancer, in target regions.
The annual report of ambient air quality in Korea published by the NIER shows concentration trends of substances for specific periods of time, since NIER has continuously measured the concentration of air pollutants (sulfur dioxide, SO 2 ; nitrogen dioxide, NO 2 ; ozone, O 3 ; carbon monoxide, CO; particulate matter 10, PM10; lead, Pb; cadmium, Cd; chromium, Cr; copper, Cu; manganese, Mn; iron, Fe; nickel, Ni) [18] . We used these data to compare the concentrations of air pollutants from 1998 to 2009 in seven metropolitan cities. Six substances (SO 2 , NO 2 , O 3 , CO, PM10, and Pb) were used to represent the average concentration of air pollutants in Korea, as only these substances could be collected in the affected period.
We used the average emission amounts and ambient concentrations of air pollutants obtained from the PRTR and NIER data, respectively, as surrogates for population exposure to urban air pollution. Considering that most of the study population in a specific city would be normally exposed to average pollutant concentration in that city, air pollutant emission amounts and average concentrations can reflect the overall population exposure to ambient air pollution.
Smoking Rate Assessment
In this study, we used the data of community health surveys (CHS) [19] to estimate the smoking rates of adult males and females in target regions, because the KNSO did not provide the smoking rate of females in target regions. Because CHS began in 2008, this was the earliest year from which we were able to obtain smoking rates. Thus, we used the last year of the study period (2009) to represent the smoking rate. We requested raw data from the Korean Centers for Disease Control and Prevention (KCDC) and calculated the smoking rates of males and females in seven metropolitan cities, and from the entire Korean population using these data. Subjects who smoked cigarettes during the investigation periods were classified as current smokers and others were classified as non-smokers.
Crude Rate, Age-Standardized Incidence Rate, Standardized Rate Ratio, and Adjusted Standardized Rate Ratio
Since KCCR does not provide raw data publicly, we requested from the KCCR information on cases, crude rate (CR), age-standardized incidence rate (ASR) of lung cancer, and the standard error of ASR, of seven metropolitan cities and the entire Korean population, pertaining to 1 January 2000 to 31 December 2009.
CR is defined as the number of new cancer cases in a particular population during the observation period. Generally, the number of cancer patients per 100,000 people is calculated as indicated in equation 1. Since the study period was from 2000 to 2009, the person-years of observation were calculated using the resident registration population (RRP) of 1 January 2000 to 31 December 2009, according to the KNSO, using Equation (2) 
RRP: resident registration population ASR is a weighted average of CR and calculated as indicated in Equation (3). ASR is useful in comparing cancer risk of certain regions when there is a difference in age structures. The weights used in the calculation of ASR were the proportions of people in the corresponding age groups of the standard population. In this study, we used the Korean standard population (year 2000) [1] which is suggested by KCCR as the standard population (Table 3) . ASR = ∑(crude rate for age group × standard population for age group) Standard population (
ASR: age-standardized incidence rate
Standardized rate ratio (SRR) is the ratio of standardized rates and is useful in comparing the risk of cancer between regions. In this study, we calculated SRR using the ASR value and the standard error of ASR of target regions provided by KCCR. We adjusted for the smoking rate to compare the risk of lung cancer among target regions more precisely. 
Analytic Methods
To compare the concentration of SO 2 , NO 2 , O 3 , CO, PM10 and Pb according to the target region, we conducted analysis of variance (ANOVA) using IBM SPSS Statistics for Windows, version 24.0 (IBM, SPSS Inc., Chicago, IL, USA).
We used Excel 2010 (Microsoft, Redmond, WA, USA) to calculate the smoking rate, SRR, and the smoking rate adjusted SRR.
Smoking Rate
As in the case of ASR, the smoking rate used in this study was the weighted average smoking rate, calculated by weighting the ratio of the standard population of each age group. We calculated the smoking rate using Equation (4): Smoking rate = ∑(smoking rate for age group × standard population for age group) Standard population (4)
Standardized Rate Ratio
In order to compare the risk of lung cancer among target regions, we calculated SRR which is the ratio of the ASR in this study. The value of ASR and the standard error of ASR of the target regions, which are provided by KCCR, were used in the calculation. We used the nationwide ASR as the reference, and the significance was tested using Smith's method [20, 21] . Using this method, we also calculated the 95% confidence interval (CI). If the intervals did not contain a value of 1.0, it meant that the SRR was significantly different. These values were calculated using Equations (5) We used Axelson's indirect method [22] to adjust for the smoking rate. This method was first introduced in 1988 and has been used in other studies to indirectly correct for confounding variables [23] [24] [25] [26] . We used the value of 2.58, which is the relative risk of lung cancer for current smokers versus non-smokers in Korea, as reported by the National Cancer Center in 2014 [5] as the standard relative risk for current smokers in Korea. These values were calculated using Equations (9) and (10):
aSRR: smoking rate adjusted SRR SRR: relative risk of standardized rate for ASR 1 (target area) versus ASR 2 (Korea) 
Air Pollution Exposure
From 2001 to 2009, the total amount of all carcinogenic substances emitted during the period was highest in the Ulsan area (Table 4) (Table 5) .
For atmospheric concentration, which is another indicator of air pollutant exposure, the six substances (SO 2 , NO 2 , O 3 , CO, PM10, Pb) from the air monitoring network data during the 1998-2009 period were identifiable for each target region. SO 2 was the highest in Ulsan, NO 2 was the highest in Seoul, O 3 was the highest in Busan, and Pb was the highest in Incheon (Figure 1) . From the atmospheric heavy metal monitoring networks, the concentration of Cd was prominently high in Ulsan before 2002 (Figure 2 ). Seoul  ----------Busan  ----------Daegu  3627  5919  537  96  62  39  ---1142  Incheon  - -212  245  338  63  437  222  169  Busan  -2  -184  221  84  61  70  75  77  Daegu  ---524  237  177  189  239  31  155  Incheon  -1362  21  7173  7207  272  328  246  177  1865  Gwangju  ---136  128  139  433  455  316  179  Daejeon  ----------Ulsan  ---16  30  38  18  11  1  13 Unit: kg/year. 
Smoking Rate
The smoking rates of all adults and males was the highest in Ulsan, and the values were 27.9% and 51.7%, respectively. For females, the smoking rate was the highest in Seoul at 4.0% and was the second highest in Incheon at 3.9%. The smoking rate of females in Ulsan and Daejeon were the third highest at 3.8% (Table 6 ). 
The smoking rates of all adults and males was the highest in Ulsan, and the values were 27.9% and 51.7%, respectively. For females, the smoking rate was the highest in Seoul at 4.0% and was the second highest in Incheon at 3.9%. The smoking rate of females in Ulsan and Daejeon were the third highest at 3.8% (Table 6 ). Units: persons; CR per 100,000; ASR per 100,000. 1 CR, crude ratio; 2 ASR, age-standardized incidence rate; 3 SRR, standardized rate ratio; 4 95% CI, 95% confidence interval; 5 aSRR, adjusted standardized rate ratio.
Discussion
In Korea, the Ministry of Health and Welfare publishes a report annually, which shows cancer incidence by region, sex and age group. However, these results are yearly statistics and therefore the cancer incidence rate may fluctuate every year. It is difficult to obtain long-term stable cancer incidence data. The 5-year cumulative ASR provided by the KNSO complements the limitations of this annual report, but it still has limitations since it does not consider the causes of cancer. Therefore, in this study, the incidence of 10-year cumulative ASR of lung cancer during the 2000-2009 period was calculated to overcome these limitations and to compare the incidence of lung cancer among the seven metropolitan cities more precisely. Furthermore, occupational and environmental hazards were reviewed to examine the association between these factors and lung cancer.
Initially, we reviewed the NICs of the target regions. It was confirmed that the shipbuilding industry, automobile factories, non-ferrous metal, and iron and steel founding-related work, which are all associated with lung cancer as suggested by IARC, are concentrated in Ulsan. Petrochemical plants that process and produce various chemicals were also concentrated in Ulsan. In addition, air emissions of substances classified as IARC group 1, 2A and 2B were also found to be the highest in Ulsan. The average amount of emissions of such substances in Ulsan during the 2001-2009 period was approximately 4 times that of the second highest region, Daegu; 5 times that of the third highest region, Incheon; and 100 times that of Seoul, which has the lowest emissions. Therefore, based on the above results, workers in Ulsan may be exposed to more occupational substances related to lung cancer. For Incheon and Busan, the ratio of lung cancer-related industries (the shipbuilding industry, automobile factories, and the iron and steel founding industry) and petrochemical industries were higher than in other cities, and the results of the PRTR also showed that the emissions of carcinogenic substances in these cities are high. Incheon showed the highest average emissions of nickel and the second highest average emissions of chromium.
Our analysis indicated that the adjusted SRR was significantly higher in males in Busan, Daegu, Incheon and Ulsan. This is important considering that the ratio of male to female workers in the non-ferrous metal industry, automobile factory, shipbuilding, and petrochemical industries is higher than in other industries [27] . In the cancer surveillance system of Korea, the incidence of lung cancer was high in manufacturing workers [28, 29] , and a study of male shipyard workers in Ulsan also showed that lung cancer incidence was significantly higher in blue-collar workers who were more likely to be exposed to lung cancer-related substances [30] . These studies support our findings.
Next, in order to examine the environmental hazards of the target area, we analyzed the data from the air pollution monitoring network. We found that the cadmium concentration was high in Ulsan before 2002. Studies on the relationship between environmental hazards and lung cancer have been conducted in the past, and many studies have reported a significant association between lung cancer and particulate matter 2.5 (PM2.5) due to air pollution [31] . Here, PM2.5 refers to small particles with an aerodynamic diameter of less than 2.5 µm, is composed of a mixture of various solid particles and aerosols, and is emitted mainly from vehicle exhaust, industrial facilities, and power plants. The criteria for such fine dusts are classified according to their size, and the composition may vary depending on the source and environmental factors [32] . Although the compositions of PM have not yet been clarified, past studies have shown that there is a difference in mutagenicity (capacity to cause mutations) depending on the day of the week [33] , time of day [34] , presence of urban/industrial facilities [35] , altitude [36] , and air pollutant concentration [37] [38] [39] [40] [41] [42] . Especially in areas with urban and industrial facilities and areas with high concentrations of air pollutants, the mutagenicity of PM was higher. In Korea, the major components of PM2.5 were analyzed in 2009 in seven metropolitan cities. The highest concentrations of nickel, arsenic and cadmium (IARC group 1 substances), observed in PM2.5, were in Ulsan [18] . In Busan and Incheon, where the SRR and aSRR were significantly higher in males, the atmospheric concentration of nickel, arsenic and cadmium was higher than in other regions. Although studies on the composition of PM are limited, these results indicate that the composition of PM in urban and industrial areas may be different from that in other areas.
Based on these results, we think that the compositions of PM in the following regions are likely to be more mutagenic than in other regions: (1) Ulsan, which has the highest air emissions of carcinogenic substances, contains many industries associated with lung cancer, and has had a high concentration of atmospheric cadmium in the past; (2) Daegu, which has the second highest air emissions of carcinogenic substances and is the only region where asbestos air emissions exist; (3) Busan, which has a high level of carcinogenic emissions, has the highest level of chromium emissions and contains many industries associated with lung cancer; and (4) Incheon, which has a high level of emissions of carcinogenic substances, the highest air emissions of nickel, and contains many industries associated with lung cancer. In fact, the SRR and adjusted SRR were the highest in males and females in Ulsan, showing a statistically significant difference. The SRR and adjusted SRR were significantly elevated in Daegu in both males and females. The SRR and adjusted SRR were significantly elevated in males in Busan and Incheon, where the environmental hazards of lung cancer are relatively low.
In conclusion, based on the above results, occupational and environmental hazards may have an impact on lung cancer. This hypothesis is supported by the fact that the SRR and adjusted SRR of Ulsan, which has prominently higher occupational and environmental hazards compared to other regions, is significantly higher than that of the other regions in both males and females. In addition, the results of Daegu, Busan and Incheon support these findings.
Despite these significant results, there are some limitations to this study. First, we used CHS data to calculate the smoking rate since the Cancer Registry database did not present smoking history. Because the CHS was started in 2008, it was impossible to obtain the past smoking rates; therefore, we used the last year of the study period (2009) to represent the smoking rate. Since the smoking rate in Korea is now relatively low [2] , the use of the 2009 smoking rate may underestimate the smoking rate of the past, which may result in overestimation of occupational and environmental factors. For the same reason, it is also a limitation that the smoking rate was indirectly adjusted, not directly. Second, this study cannot accurately identify occupational and environmental exposure prior to 1998, although the latency period of lung cancer is known to be at least 10 years [43] . Because we cannot obtain the data on occupational and environmental exposure, we assumed that environments were consistent over time, and conducted the analysis based on this assumption. Thus, the accuracy of the results may be somewhat reduced. Third, although occupational and environmental factors are known to be associated with the development of lung cancer, other factors such as genetic causes and past history of respiratory disease could not be considered in this study. Therefore, occupational and environmental factors may have been overestimated. Fourth, there may be a difference between the estimated amount of air pollutant exposure using data from the PRTR and Korean Ministry of Environment and the actual exposure of the subject. Fifth, if we had estimated the proportion of lung cancer cases that might be attributed to environmental/occupational exposure, the results of this study would show more information on the cause of lung cancer. However, we cannot estimate this due to the data limitations. It was difficult to calculate a single value for the relative risk for environmental and occupational exposures by combining the relative risks of lung cancer occurrence for each pollutant. Furthermore, the exposure data of all pollutants were not perfect by region. Finally, as this study is a cross-sectional study, we could evaluate the association between lung cancer and occupational and environmental factors, but could not evaluate causality.
Despite these limitations, this study is the first in Korea to analyze the 10-year cumulative ASR of lung cancer, and to examine the differences in ASR of lung cancer according to the occupational and environmental hazards of different regions. Moreover, although an indirect method was used, the smoking rate was adjusted. Therefore, we can conclude that the validity of the findings of this study is high, and the results of this study could be used as a good reference for future studies on lung cancer incidence.
Conclusions
Our findings revealed that lung cancer incidence was significantly elevated in the areas where occupational and environmental hazards were high. Over the past decades, many studies have been conducted on lung cancer, and many causes of lung cancer have been identified. However, to date, few studies have simultaneously considered the cumulative incidence, age standardization, smoking rate adjustment, and occupational and environmental hazards. Funding: This research received no external funding.
